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A quantitative and conﬁrmatory high-performance liquid chromatography with ultraviolet detection
(HPLC–UV) method for the determination of bioactive amines in the albumen and yolk of commercial
eggs was developed, optimized and validated by analyte extraction with trichloroacetic acid and pre-
column derivatization with dansyl chloride. Phenylethylamine, putrescine, cadaverine, histamine, tyr-
amine, spermidine and spermine standards were used to evaluate the following performance para-
meters: limit of detection (LoD), limit of quantiﬁcation (LoQ), selectivity, linearity, precision, recovery and
ruggedness. The LoD of the method was deﬁned from 0.2 to 0.3 mg kg1 for the yolk matrix and from
0.2 to 0.4 mg kg1 for the albumen matrix; the LoQ was from 0.7 to 1.0 mg kg1 for the yolk matrix and
from 0.7 to 1.1 mg kg1 for the albumen matrix. The validated method exhibited excellent selectivity and
separation of all amines with coefﬁcients of determination higher than 0.99. The obtained recovery
values were from 90.5% to 108.3%, and the relative standard deviation (RSD) was lower than 10% under
repeatability conditions for the studied analytes. The performance parameters show the validated
method to be adequate for the determination of bioactive amines in egg albumen and yolk.
& 2015 Elsevier B.V. All rights reserved.1. Introduction
Eggs are a good source of high quality protein and important
sources of iron, vitamins and phosphorus. Eggs provide a unique and
well-balanced source of nutrients for persons of all ages. Low caloric
value, ease of digestibility and high nutrient content make eggs
valuable in regular diets and many therapeutic diets. Availability,
modest cost, ease of preparation, popular taste appeal and low
caloric value give eggs a primary advantage for human nutritional
needs. Nevertheless, this product is perishable and susceptible to
many alterations that can produce unwanted substances [1,2].
Biogenic amines, organic bases with low molecular weights,
can be formed during the storage or processing of food products
via the decarboxylation of amino acids by the action of microbial
enzymes [3]. Amines such as histamine, putrescine, cadaverine,
spermine, spermidine, tyramine, phenylethylamine and trypta-
mine are frequently observed in foods, such as ﬁsh, meat, eggs,
cheese, fruit, vegetables, beer, and wine [4–11]. Hence, the study of).biogenic amines is important not only for their toxicity but also for
their possible use as food quality indicators.
An analytical method is validated by assessing its performance
criteria. The most common performance criteria are selectiveness,
which is the ability to identify the speciﬁc investigated compound,
among many others; linearity, which is the ability to obtain results
that are directly proportional to the amount of analyte present in the
sample; precision, which is the proximity obtained in the result with
regard to many measurements of the same sample; accuracy, which
is the proximity of the obtained results to the real analyte amount in
the sample; limit of detection (LoD), which is the minimum amount
of analyte that is possible to detect; limit of quantiﬁcation (LoQ),
which is the minimal amount of analyte present in the sample that
can be quantiﬁed; and ruggedness, which is the ability to resist
certain variations in the analytical parameters [12,13].
High-performance liquid chromatography methods have been
used by certain authors in the analysis of bioactive amines in eggs
[14–19]. However, in addition to the existence of several differences
of the used methodologies in the forecited articles, they were not
validated. Non-validated methods can generate unreliable results
and are not ofﬁcially recognized by international authorities and
scientiﬁc community [20].
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tative and conﬁrmatory high-performance liquid chromatography
with ultraviolet detection (HPLC–UV) method for the study of
bioactive amines in the albumen and yolk of commercial eggs.2. Materials and methods
2.1. Reagents and standards
The amine standards (spermine tetrahydrochloride, spermidine
trihydrochloride, putrescine dihydrochloride, cadaverine dihy-
drochloride, histamine dihydrochloride, β-phenylethylamine hydro-
chloride and tyramine chloride) were purchased from Sigma Che-
mical Co. (St. Louis, MO).
All reagents used were of pro-analysis (p.a.) grade, except for the
solvents used in HPLC, which were of HPLC grade. Trichloroacetic
acid (TCA) from Sigma-Aldrich (St. Louis, MO, USA) and toluene,
acetonitrile and sodium bicarbonate from Merck (Darmstadt, Ger-
many) were used.
Stock solutions of each amine at the concentration of 1 mg mL1
were prepared by diluting the standards in 0.1 N hydrochloric acid
(HCl); the stock solutions were stored at 471 °C. After this proce-
dure, 1 mL of each stock solution was transferred to a volumetric
ﬂask, resulting in a standard solution with a ﬁnal concentration of
0.143 μg mL1 for each amine.
The derivatization solution was prepared by adding 750 mg of
dansyl chloride (Sigma-Aldrichs, St. Louis, MO, USA) to 100 mL of
acetone (LiChrosolvs, Merck, Darmstadt, Germany); the solution was
stored at 20 °C. The L-proline (Merck, Darmstadt, Germany) solu-
tion, which was prepared at a concentration of 100 mgmL1 in
ultrapure water (Milli-Q Plus System), was stored under refrigeration.
2.2. Sample preparation
Egg samples were collected at the farm layer immediately after
egg laying and then immediately transported to the laboratory. The
eggs were broken, and the albumen was separated from the yolk
with a household yolk separator. For amine extraction, 3 g of yolk
samples and 3 g of albumen samples were weighed in 50-mL poly-
propylene centrifuge tubes, and 7 mL of trichloroacetic acid at
50 g L1 (50 g L1 TCA) was added. The tubes were agitated for
10 min in a Thermolyne type 50800 orbital shaker (Barnstead
Thermolyne, Iowa, USA) at 225 rpm and then centrifuged (12,100g)
at 4 °C for 21 min in a chilled Beckman J2 MC centrifuge (Beckman
Coulter Inc., California, USA). After centrifugation, the supernatant
was ﬁltered through qualitative ﬁlter paper. The procedure was
repeated two more times with the addition of 7 mL and 6 mL of
50 g L1 TCA in a total of 20 mL of added acid. The resulting extracts
were stored in 0.5 mL microtubes and frozen at 20 °C for later
derivatization and chromatographic analysis.Table 1
Linearity of HPLC–UV method for bioactive amine determination, obtained with concen
Amines Yolk
Regression equation Coefﬁcient of determinatio
Phenylethylamine y¼0.4641xþ0.121 0.9916
Putrescine y¼1.1737xþ0.2623 0.9973
Cadaverine y¼0.9396xþ1.5204 0.9982
Histamine y¼0.8414xþ0.5554 0.9967
Tyramine y¼0.7338xþ0.6395 0.9997
Spermidine y¼0.8421xþ1.6805 0.9990
Spermine y¼0.5755xþ0.6196 0.9995For the derivatization process, 200 μL of the extract was trans-
ferred to polypropylene centrifuge tubes, and 400 μL of saturated
sodium bicarbonate solution and 800 μL of dansyl chloride solution
were added. Next, the tubes were agitated by vortex for approxi-
mately 30 s and kept in the dark in a hot water bath at 60 °C for
5 min. After this step, 200 μL of L-proline solution was added, and
the tubes were again agitated by vortexing for 30 s; the agitated
solution was kept in the dark at room temperature for 30min. After
this time, 1000 μL of toluene was added to the solution, which was
agitated for 1 min followed by centrifugation at 4350g for 10 min at
4 °C to separate the phases. The organic phase (supernatant) was
recovered using an automatic pipette into a 5-mL test tube that was
transferred to the sample concentrator for evaporation by adding
nitrogen ﬂow for 10 min at 60 °C.
The obtained extract was dissolved in 600 μL of acetonitrile and
ﬁltered in a ﬁlter unit with polytetraﬂuoroethylene (PTFE) mem-
brane (pore size of 0.45 μm, diameter from 13 to 15 mm; Millipore
Corp, Milford, MA, USA), and the ﬁltrate was reserved for injection.
2.3. Chromatographic conditions
An ÄKTAmicro™ chromatograph (GE HealthCare, Buckingham-
shire, England) equipped with two P-900 pumps, an INV-907 man-
ual injector a 100 μL loop, a UV–visible detector (UV-900) and Uni-
corn 5.11 software (GE HealthCare, Buckinghamshire, England) for
data processing were employed. The chromatograms were processed
at a wavelength of 254 nm.
For the separation of amines, a Kromasil C18 chromatography
column (5 mm, 100 Å, 25 cm4.6 mm) (AkzonNobel, Amsterdam,
Netherlands) was used. The eluents were water (A) and acetoni-
trile (B) and the elution program consisted of a gradient system
with a 1.0 mL/min ﬂow-rate. The column temperature was 20 °C.
The gradient was applied as following: from 60% to 72% (v/v) B in
Awithin 4.1 min; maintained at 72% (v/v) B in A for 0.58 min; from
72% to 75% (v/v) B in A within 12 min; maintained at 75% (v/v) B in
A for 2.28 min; from 75% to 95% (v/v) B in A within 6.1 min;
maintained at 95% (v/v) B in A for 6.6 min. The total run time was
31.66 min. After the end of the run, the column was washed with
100% (v/v) B for 8.3 min.
2.4. Validation procedures
To validate the identiﬁcation method of bioactive amines in egg
albumen and yolk, the following performance parameters were
evaluated: selectivity, linearity, precision, accuracy, limit of detection
(LoD), limit of quantiﬁcation (LoQ) and ruggedness [21].
Selectivity was assessed by comparing the retention times of the
amine standards added to the solvent (water) and in the presence of
the matrices (albumen and yolk).
To evaluate linearity, the matrices were fortiﬁed with the stan-
dard solution of the seven amines at concentrations of 0.7, 1.4, 2.8,
5.6, 11.2 and 22.4 mg kg1, in seven replicates. After the analyses, atrations from 0.7 to 22.4 mg kg1.
Albumen
n (R2) Regression equation Coefﬁcient of determination (R2)
y¼0.3001x0.2101 0.9952
y¼0.6748x0.0255 0.9934
y¼0.5541x0.3253 0.9906
y¼0.4612x0.3496 0.9896
y¼0.4108xþ0.2897 0.9978
y¼0.4803xþ0.0511 0.9972
y¼0.3059xþ0.4932 0.9983
Fig. 1. Chromatograms of water (A), yolk (B) and albumen (C) with the addition of 22.4 mg kg1 standard solution of the seven amines and chromatograms of water (D), yolk
(E) and albumen (F) without the addition of amines standard solution. 1 – phenylethylamine, 2 – putrescine, 3 – cadaverine, 4 – histamine, 5 – tyramine, 6 – spermidine, and
7 – spermine.
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equations and the coefﬁcients of determination (R2) and correlation
(r) were determined by linear regression [22].
The precision of the analyses was evaluated by determining
the relative standard deviation (RSD) under repeatability con-
ditions, using the results obtained by successive analyses of thesame sample in short time intervals and performed under
the same conditions (same equipment and same analyst). The
matrices were fortiﬁed with the standard solution at three
concentration levels – low (1.4 mg kg1), average (5.6 mg kg1)
and high (22.4 mg kg1), considering the linear interval of the
method, with three replicates each [23].
Table 2
Limits of detection and quantiﬁcation of the HPLC–UV method for egg yolk and
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considering the linear interval of the method at low (1.4 mg kg1),
average (5.6 mg kg1) and high (22.4 mg kg1) concentrations
were performed in triplicate. The recovery obtained at each con-
centration was calculated using the equation R¼[(C1C2)/C3]
100, which considers the analyte concentration in the fortiﬁed
sample (C1), the analyte concentration in the unfortiﬁed sample
(C2) and the analyte concentration added to the fortiﬁed sample
(C3) [13,24].
LoD and LoQ were calculated from equations that consider the
parameters of the analytical curve, LoD¼[(3s)/S] and LoQ¼
[(10s)/S], using the standard deviation (s) of the response and
the slope of the analytical curve (S) [23].
The ruggedness of the method was evaluated by modifying two
factors (analyst and day of analysis) during the analysis of the yolk
matrix and albumen matrix samples [25].albumen.
Amines Limit of detection
(mg kg1)
Limit of quantiﬁcation
(mg kg1)
Yolk
Phenylethylamine 0.3 1.0
Putrescine 0.2 0.7
Cadaverine 0.3 1.0
Histamine 0.2 0.7
Tyramine 0.2 0.8
Spermidine 0.2 0.7
Spermine 0.3 1.0
Albumen
Phenylethylamine 0.4 1.1
Cadaverine 0.2 0.7
Histamine 0.2 0.8
Tyramine 0.2 0.7
Spermidine 0.2 0.8
Spermine 0.3 0.9
Putrescine 0.3 1.0
Table 3
Mean recovery and relative standard deviation (RSD) of amines in the yolk and
albumen matrices determined via HPLC–UV.
Amines Yolk Albumen
Recovery (%) RSD (%) Recovery (%) RSD (%)
Phenylethylamine (mg kg1)
1.4 118.7 9.2 116.4 8.6
5.6 105.5 8.4 93.6 6.7
22.4 105.8 8.5 102.0 5.7
Putrescine (mg kg1)
1.4 96.7 9.9 94.0 9.4
5.6 107.0 7.5 97.2 9.2
22.4 103.7 2.9 103.6 8.3
Cadaverine (mg kg1)
1.4 105.4 8.7 91.2 8.6
5.6 91.5 9.7 90.5 9.8
22.4 107.3 7.2 104.4 9.7
Histamine (mg kg1)
1.4 65.8 7.1 80.2 4.5
5.6 99.5 7.6 96.2 9.8
22.4 105.6 3.5 103.9 9.8
Tyramine (mg kg1)
1.4 85.9 9.9 88.8 9.4
5.6 104.4 2.2 105.2 9.4
22.4 109.7 1.7 113.9 5.5
Spermidine (mg kg1)
1.4 95.4 9.9 98.0 3.6
5.6 102.6 9.1 105.8 5.7
22.4 102.7 1.8 102.8 4.3
Spermine (mg kg1)
1.4 95.3 5.9 56.0 2.2
5.6 108.3 8.2 102.0 10.0
22.4 96.2 3.3 111.1 6.03. Results and discussion
The performance parameters of the proposed method were
adequate for the detection and quantiﬁcation of the bioactive
amines in both egg albumen and yolk.
The regression equations and the coefﬁcient of determination (R2)
for the analyses of amines added to albumen and yolk, obtained in
the evaluation of linearity in the range from 0.7 to 22.4 mg kg1, are
represented in Table 1. The values indicate that the model is adequate,
given that the coefﬁcient of determination (R2) of the analytical
curves was greater than 0.99, which is evidence of a ﬁt of the data to
the regression line. According to the criteria of the European and
Brazilian legislations, values higher than 0.99 are recommended for
the linearity tests [13,22]. This parameter allows for the estimation of
quality for the obtained curve, as the closer its value is to 1.0, the
lower the dispersion of the set of experimental points and the smaller
the uncertainty of the estimated coefﬁcients of regression [26].
The selectivity was evaluated by visualizing the chromatograms
(Fig. 1) obtained in the analysis of the 22.4 mg kg1 standard solution
of the seven amines added to water (chromatogram A), in the ana-
lyses of the yolk and albumen samples fortiﬁed with the standard
solution (chromatograms B and C), and in the analyses of the yolk and
albumen samples without the addition of the standard solution of
amines (chromatograms D and E). The mean retention times were
20.9770.01 min for phenylethylamine; 21.6670.04 min for putres-
cine; 32.6570.08 min for tyramine; 34.1870.06 min for spermidine;
and 38.7570.08 min for spermine.
By comparing the chromatograms of the samples with the
addition of the 22.4 mg kg1 standard solution of the seven amines
(chromatograms B and C) to the control samples (chromatograms D
and E), it was observed that when amines were added to the matrix,
detection occurred at the same retention time as when amines were
added to water (chromatogram A), exhibiting satisfactory resolution.
Hence, because the peaks associated with the seven amines could be
distinguished from the other compounds detected in the yolk and
albumen matrices and because the retention times of the amines in
the matrices were the same as the retention times observed with the
addition of the amines to water, the method could be considered
selective.
At 24.5 min into the chromatographic run, a high unidentiﬁed
peak emerged. This peak is most likely an interfering peak caused
by the use of dansyl chloride in the derivatization process. When
evaluating different protocols for the determination of amines in
ﬁsh, other authors also observed the emergence of an interfering
peak and suggested that this phenomenon could be the result of
reactions involving excess dansyl chloride [27]. The use of different
L-proline concentrations is an important procedure for the neu-
tralization of excess dansyl chloride and to avoid the emergence ofan interfering peak [28]. Hence, it is possible that the amount of L-
proline added during the derivatization process was not sufﬁcient
to neutralize all of the dansyl chloride, thus allowing the emer-
gence of this peak.
The LoD varied from 0.2 to 0.3 mg kg1 for the yolk matrix and
from 0.2 to 0.4 mg kg1 for the albumen matrix, whereas the LoQ
varied from 0.7 to 1.0 mg kg1 for the yolk and from 0.7 to
1.1 mg kg1 for the albumen (Table 2).
Table 3 provides the mean recovery percentages used to evaluate
accuracy as well as the RSD used to evaluate precision. The accuracy
of the validated method is within the range established by the Eur-
opean Community and the Codex Alimentarius, which indicate a
Table 4
Analysis of biogenic amines in yolk matrix via HPLC–UV performed by different analysts during the six-day period.
Amine Analyst Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Mean SD RSD (%)
PHE 1 6.317 5.900 5.702 6.451 6.835 6.829 6.339 0.468 7.389
2 6.476 5.791 6.280 5.550 5.909 6.190 6.033 0.343 5.688
Mean 6.396 5.846 5.991 6.000 6.372 6.509 6.186 0.273 4.408
PUT 1 7.486 7.528 6.624 7.684 7.169 6.964 7.243 0.400 5.527
2 7.665 7.276 6.404 7.951 7.011 7.270 7.263 0.536 7.378
Mean 7.575 7.402 6.514 7.817 7.090 7.117 7.253 0.455 6.275
CAD 1 7.973 7.428 7.871 8.878 7.157 8.130 7.906 0.598 7.566
2 8.250 7.319 7.393 8.673 7.795 7.910 7.890 0.515 6.522
Mean 8.111 7.374 7.632 8.775 7.476 8.020 7.898 0.520 6.588
HIS 1 6.055 6.303 5.710 6.869 6.007 6.000 6.157 0.397 6.440
2 5.590 6.520 6.080 6.210 5.830 5.820 6.008 0.332 5.519
Mean 5.822 6.411 5.895 6.540 5.918 5.910 6.083 0.309 5.076
TYR 1 5.332 6.241 6.660 6.127 5.511 5.584 5.909 0.514 8.693
2 5.679 6.588 6.388 6.650 6.454 5.840 6.267 0.407 6.490
Mean 5.506 6.414 6.524 6.388 5.982 5.712 6.088 0.419 6.887
SPD 1 6.284 6.779 6.415 6.946 6.629 6.138 6.532 0.307 4.705
2 5.975 6.999 5.972 7.060 6.677 6.460 6.524 0.479 7.343
Mean 6.130 6.889 6.193 7.003 6.653 6.299 6.528 0.373 5.712
SPM 1 5.464 6.180 5.756 5.267 5.617 5.990 5.712 0.337 5.895
2 5.890 5.835 5.456 6.335 6.292 5.710 5.920 0.340 5.739
Mean 5.677 5.835 5.606 5.801 5.954 5.850 5.787 0.126 2.175
Table 5
Results of the analysis of biogenic amines in albumen matrix performed by different analysts during the six-day period.
Amine Analyst Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Mean SD RSD (%)
PHE 1 7.211 6.453 5.616 6.324 7.138 6.620 6.560 0.586 8.939
2 5.743 5.744 5.643 6.859 5.446 5.950 5.898 0.499 8.457
Mean 6.477 6.099 5.629 6.591 6.292 6.285 6.229 0.340 5.451
PUT 1 8.203 7.333 8.832 7.724 8.613 8.729 8.239 0.603 7.321
2 8.928 7.826 7.509 7.980 8.160 8.420 8.137 0.495 6.079
Mean 8.566 7.579 8.170 7.852 8.387 8.575 8.188 0.404 4.931
CAD 1 7.749 6.529 6.888 6.394 7.880 7.831 7.212 0.687 9.523
2 7.580 6.638 7.200 7.130 6.339 7.010 6.983 0.438 6.276
Mean 7.664 6.583 7.044 6.762 7.109 7.421 7.097 0.401 5.656
HIS 1 7.558 7.467 7.643 8.450 7.664 7.554 7.723 0.363 4.703
2 6.265 6.261 6.960 7.690 6.517 7.520 6.869 0.627 9.123
Mean 6.912 6.864 7.302 8.070 7.091 7.537 7.296 0.455 6.231
TYR 1 6.749 5.691 5.832 6.628 6.376 6.144 6.237 0.425 6.822
2 5.291 6.292 5.770 5.808 6.508 5.540 5.868 0.457 7.782
Mean 6.020 5.991 5.801 6.218 6.442 5.842 6.052 0.241 3.988
SPD 1 7.346 6.289 6.772 8.226 7.373 7.879 7.314 0.707 9.663
2 6.767 7.768 6.866 7.250 6.382 7.610 7.107 0.531 7.469
Mean 7.056 7.029 6.819 7.738 6.878 7.744 7.211 0.420 5.830
SPM 1 6.638 5.961 5.349 6.444 6.392 5.496 6.047 0.534 8.824
2 5.707 6.709 5.486 6.824 6.860 5.970 6.259 0.611 9.766
Mean 6.172 6.335 5.418 6.634 6.626 5.733 6.153 0.491 7.981
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analyte concentrations higher than 1 mg kg1 [13,24]. However, in
the yolk matrix, the recovery of phenylethylamine and histamine at
the concentration of 1.4 mg kg1 was 118.7% and 65.8%, respectively,
which does not meet the established limits. Hence, in the range from
1.4 to 22.4 mg kg1, the evaluated method exhibited satisfactory
accuracy for putrescine, cadaverine, tyramine, spermidine and sper-
mine. In the albumen matrix, phenylethylamine and spermine
exhibited recovery results that did not meet the values established
by the European Community and the Codex Alimentarius for the
concentration of 1.4 mg kg1 [13,24]. Hence, only putrescine, cada-
verine, histamine, tyramine and spermidine exhibited satisfactory
accuracy for the albumen matrix.
The precision of HPLC–UV exhibited satisfactory results for all
seven amines in the range from 1.4 to 22.4 mg kg1, regardless of
the matrix used. The coefﬁcients of variation for the results
obtained in the recovery tests ranged from 1.7% to 9.9% for the yolk
matrix and from 2.2% to 10.0% in the albumen matrix. These valuesare within the range established by the European Community and
the Codex Alimentarius, which indicate a maximum RSD of 10% for
analyte concentrations higher than 1 mg kg1 [13,24].
The results of the evaluation of the ruggedness, according to
USP [25], are described in Tables 4 and 5. The changes in analysts
and days of analysis did not compromise the determination of the
levels of bioactive amines in the yolk and albumen. The standard
deviations and the RSD values found for the samples evaluated on
different days by the same analyst were low. Similarly, the varia-
tions between the two analysts were also small, indicating that the
procedure is weakly inﬂuenced by these two factors.4. Conclusion
The method of high-performance liquid chromatography with
ultraviolet detection after pre-column derivatization with dansyl
chloride was validated, and its use was adequate for the determination
T.C. de Figueiredo et al. / Talanta 142 (2015) 240–245 245of phenylethylamine, putrescine, cadaverine, histamine, tyramine,
spermidine and spermine in egg albumen and yolk.Acknowledgments
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